Many studies find a strong negative association between crime and education. This raises the question whether crime reduces investment in human capital or whether education reduces criminal activity. This paper investigates this question by using fixed effect estimation on data of Australian twins. We find that early arrests (before the age of 18) have a strong effect on human capital accumulation. In addition, we find that education decreases crime. However, controlling for early arrests and early behaviour problems reduces the estimated effect of human capital on crime to less than on third of the previously estimated association. From this, we conclude that the strong association between human capital and crime is mainly driven by the effect of early criminal behaviour on educational attainment. The strong detrimental effects of early criminal behaviour become also transparent if we consider the estimated effects of early arrests on three measures of crime. We find large effects of early criminal behaviour on participation in crime later on. This suggests that programs that succeed in preventing early criminal behaviour might yield high social and private returns.
Summary
This paper aims at disentangling the strong association between human capital and crime by investigating whether crime reduces investment in human capital or whether education reduces criminal activity. Heretofore, we exploit two aspects of the Australian survey data on education and crime we use. First, as the data are obtained from twins, we are able to control for many unobserved characteristics affecting both criminal behaviour and the schooling decisions.
Second, as criminal behaviour is measured over different periods of time -prior to and after senior high school completion -we can address the causality between crime and education as well. As early criminal behaviour may affect human capital formation, and human capital may influence criminal behaviour in later stages of life, we follow a two step analysis.
First, we address the effects of early criminal behaviour on educational attainment. The estimates suggest that early criminal behaviour is detrimental to investment in human capital.
Within pairs of twins we find that early arrests (before the age of 18) reduce educational attainment with .7 to .9 years and lower the probability of completing senior high school with 20 to 23 percentage points. In addition, the timing of the early arrest matters, arrests at age 13, 14 or 15 are most detrimental for educational attainment. These estimates are found after controlling for conduct disorder and early school performance.
Second, we focus on the effect of human capital on crime. As early criminal activity might be an important confounder, we control for early arrests. The estimates suggest that human capital has a negative effect on crime. Completing senior high school reduces the probability of incarceration with 2 to 3 percentage points. We find similar but statistically insignificant effects on the probability of being arrested since the age of 18 and on the number of arrests. The size of these estimates might be downward biased because of measurement error in schooling. IVestimates using a second independent measure of schooling suggest that the effect of human capital might be larger. Lochner and Moretti (2004) report IV-estimates of the effect of high school completion on imprisonment of 8 percentage points for blacks and 0.9 for whites.
When combining these findings, it seems that the causality between human capital and crime runs in both directions. Still, the impact of early criminal behaviour on human capital formation dominates the impact of human capital formation on future crime behaviour.
Controlling for early arrests and early behaviour problems reduces the estimated effect of human capital on crime to less than a quarter of the previously estimated association. From this, we conclude that early criminal behaviour explains most of the association between human capital and crime.
The strong detrimental effects of early criminal behaviour become also transparent if we consider the estimated effects of early arrests on all three measures of crime. Early arrests increase the probability of incarceration with 20 percentage points and the probability of being arrested since the age of 18 with 10 percentage points. These effects are much larger than the estimated effects of human capital. For instance, the estimated effect of being arrested before the age of 18 on incarceration is almost ten times higher than the estimated effect of completing high school.
In line with previous studies (Lochner and Moretti, 2004, Machin and Vujic, 2006) our findings suggest that policies that succeed in raising investment in human capital might reduce crime. However, the (direct) returns to polices that succeed in preventing early criminal behaviour might be much larger. The estimated effects of early criminal behaviour and conduct disorder stress the importance of the early stages of life for preventing crime. Programs that keep children on 'the right track' not only may yield high private returns but also may yield high social returns through their impact on crime reduction. Studies on the effects of effective early schooling programs in the US show that these program have large social returns mainly through their impact on preventing crime (Carneiro, et. al, 2003) .
Our main conclusion is that the strong association between human capital and crime is mainly driven by the effect of early criminal behaviour on educational attainment. This finding based on within-twin estimation confirms one of the main conclusions from a synthesis of the literature on the causes of crime: 'We must rivet our attention on the earliest stages of the life cycle, for after all is said and done, the most serious offenders are boys who begin their criminal careers at a very early age." (Wilson and Hernstein, 1985, cited in Dilulio, 1996) .
Introduction
Many studies document a strong negative association between education and crime. For instance, in the US two-thirds of all incarcerated men in 1993 had not graduated from high school (Freeman, 1996) . Studies that use self-reported and (administrative) arrest data find large differences in property and violent crime across education groups (Tauchen et al. 1994 , Lochner, 2004 . However, the relationship between crime and education is not straightforward.
Does crime reduce investment in human capital or does education reduce criminal activity?
This paper studies the relationship between human capital and crime using data of a sample of young Australian twins. We exploit two aspects of the Australian survey data on education and crime. First, as the data are obtained from fraternal and identical twins, we are able to control for many unobserved characteristics affecting both criminal behaviour and schooling decisions. Second, as criminal behaviour is measured over different periods of time -prior to and after senior high school completion -we can address the causality between crime and education as well. As early criminal behaviour may affect human capital formation, and human capital may influence criminal behaviour in later stages of life, we follow a two step analysis.
First, we study the relationship between early crime and the accumulation of human capital.
In particular, we estimate the effect of arrests before the age of 18 on educational attainment by using within-twin estimation. In addition, we investigate whether the timing of the arrest matters for educational attainment. Second, we estimate the effect of educational attainment on three measures of crime: incarceration, arrests since the age of 18 and number of arrests. As early criminal behaviour might be an important confounder in the estimation, we control for early arrests and measures of conduct disorder within pairs of twins.
Our paper contributes to the economic literature on the relationship between education and crime in several aspects. First, the empirical economic literature on human capital and crime that takes unobserved factors into account is limited. Two previous studies use arguably exogenous variation in human capital to investigate the effect of education on crime (Lochner and Moretti, 2004; Machin and Vujic, 2006) . Both studies use changes in compulsory schooling laws as an instrument for educational attainment, so as to find that education reduces crime. We add to this literature and use an identification strategy that has not been applied before -that is, we exploit the longitudinal nature of our data so as to estimate the relationship between human capital and crime in both directions. Second, we investigate the effect of early criminal behaviour on investment in human capital while controlling for fixed effects within pairs of twins. We are not aware of studies in the economic literature that estimate the causal effect of early criminal activity on educational attainment. Third, there is growing interest in the economic literature for the effects of early conditions in life on adult outcomes Stabile, 2006, 2007; . Our paper addresses similar issues.
We find early arrests (arrests before the age of 18) to have a strong effect on human capital accumulation. In particular, early arrests reduce educational attainment with .7 to .9 years of education and lower the probability of completing senior high school with 20 to 23 percentage points. These effects are largely driven by the timing of the early arrest; arrests at age 13, 14 or 15 are most detrimental for educational attainment. We also find human capital to reduce crime.
Completing senior high school reduces the probability of incarceration with 2 to 3 percentage points. Similar but statistically insignificant effects are obtained for the probability of being arrested since the age of 18 and for the number of arrests. When controlling for early arrests and early behaviour problems, the estimated effect of human capital on crime reduces to less than a quarter of the previously estimated association. The strong detrimental effects of early criminal behaviour become also transparent if we consider the estimated effects of early arrests on all three measures of crime. We then find large effects of early criminal behaviour on participation in crime later on. These effects are much larger than the (isolated) impact of human capital on crime.
We conclude that the strong association between human capital and crime is mainly driven by the effect of early criminal behaviour on educational attainment. Programs that succeed in preventing early criminal behaviour might yield high social and private returns.
Previous studies
The major difficulty in studying the relationship between human capital and crime is that both variables are driven by a multitude of unobserved factors. For instance, a person's level of schooling is typically not randomly determined but the result of individual choices and ability.
These individuals might also have unobserved factors that prevent them from committing crimes. Unobserved factors that are both correlated with the decision to invest in human capital and the decision to participate in crime will confound the empirical relationship between education and crime. As such, OLS estimates of the effects of human capital on crime or OLS estimates of the effects of crime on human capital are likely to be biased.
The first part of this paper focuses on the effect of early criminal behaviour on human capital formation. To our knowledge there are no previous economic studies that empirically estimate the effect of early crime on investment in human capital while taking unobserved factors into account. Related studies can be found in health economics. Some recent studies investigate the effect of childhood mental health problems such as ADHD, aggression, antisocial behaviour and depression on human capital accumulation later in life (Le et al., 2005; Slade & Wissow, 2006; Currie & Stabile, 2006 Fletcher & Wolfe, 2007) . These studies typically find large negative effects of childhood mental health problems on educational attainment. Another related literature focuses on the importance of cognitive and non-cognitive skills for labour market outcomes and social behaviour (Carneiro & Heckman (2003 ), Heckman et al. (2006 , Heckman & Masterov (2007) , Schweinhart et al. 1993; Donohhue & Siegelman,1998; Lally et al. 1988; and Garces et al. 2002) . These social, motivational, and emotional skills affect performance in school and in the workplace. Programmes that aim at intervening in the lives of children in their teenage years only attempt to redress the damage of bad childhoods (Carneiro & Heckman (2003) ).
The second part of this paper studies the causal effect of human capital on crime. So far, only two papers in the economic literature try to establish a causal relationship between education and crime (Lochner & Moretti (2004) , Machin & Vujić (2006) ). Both studies use changes in compulsory school leaving age laws in order to account for the endogeneity of schooling decisions. Using US Census data Lochner & Moretti (2004) show that one more year of schooling reduces the probability of incarceration by 0.37 percentage points for blacks, and 0.10 for whites. They corroborate these results using FBI Uniform Crime Reports (UCR) data for different types of offences, and conclude that the greatest impacts of graduation are associated with murder, assault, and motor vehicle theft. The authors also calibrate the social savings from crime reduction associated with completing secondary education. They show that a 1% increase in male high school graduation rates would yield $1.4 billion dollars in social benefits in 2004 dollars. Machin & Vujić (2006) uses variation over the whole distribution of education which may bring the advantage that our estimates are applicable to a broader population. Theoretical work on the relationship between human capital and crime has been done by Lochner (2004) . He developed a model of crime in which human capital increases the opportunity costs of crime. The model predicts that older, more intelligent and more educated adults should commit fewer street (unskilled) crimes. It also expected that white collar crime should decline less with age and education than unskilled crime. These predictions receive broad empirical support in self-report data from the US.
Empirical strategy
In this paper, we use variation within pairs of twins for studying the relationship between education and crime. Obviously, the advantage of twin data is that many (unobserved) variables that twins share -like socioeconomic background and family factors -can be controlled for.
Within twin estimation has been used in several studies on the returns to schooling (see for instance, Ashenfelter & Krueger, 1994 , Miller, et al. 1995 and recently on the effect of parents' education on the education of their children (Behrman and Rosenzweig, 2005) .
In order to get a full picture of the relationship between human capital formation and criminal behaviour, our estimation strategy consists of two steps. ε is a random error term. In this model the family fixed effect, which consists of all shared socioeconomic and genetic factors, is removed by differencing between twins. In equation (1), we expect that the causality primarily runs from early arrests towards educational attainment, as early arrests occur before the completion of schooling. We argue that we can largely control for reverse effects -i.e. bad school performance driving kids to start criminal activities -by including several measures of early school performance as additional controls. Moreover, we control for differences in early behaviour within pairs of twins by including an indicator of conduct disorder (see next section).
The second part of our analysis addresses the effect of human capital on crime since the age of 18, which is usually the perspective that is taken in the literature. The model we estimate is very similar to equation (1):
with 18 ij C is criminal activity since the age of 18. As early criminal activity is likely to be an important confounder for the estimated effect of human capital on crime, we include early arrests as an additional control. We argue that these lagged arrests can be treated as exogenous variables.
Obviously, the twin setup -together with the use of lagged information -helps us to cancel out many possible sources of endogeneity. Still, there are two important concerns in the use of within-twin estimation (Bound & Solon, 1999 ) that need to be addressed to check the robustness of our results. First, measurement error in (self-) reported schooling (or crime) may bias the estimates towards zero ('attenuation bias'). A solution for this problem has been introduced by Ashenfelter and Krueger (1994) . They obtained two measures of schooling of a twin by asking the twins to report both on their own schooling as on the schooling of their sibling. The second measure of schooling can then be used as an instrument to correct for measurement error. This approach has been used in several studies (for instance Miller et al. 1995, Behrman and Rosenzweig, 2005) . In these studies, the size of the estimated effects increases after instrumenting for measurement error. This paper follows the same approach to address any attenuation biases.
The second concern in within-twin models is with respect to endogeneity bias within twin pairs. Although (identical) twins share many genes and were raised in the same social environment, they are not exactly identical. Bound and Solon (1999) show that the bias in the within-family estimator may not always be smaller than the bias in the cross-sectional estimator. This depends on the importance of the fixed family component in the unobservables.
We address this possible bias by using additional controls in the within-twin models, such as conduct disorder and early arrests.
Description of data
We use data from the so-called younger cohort of twins of the Australian Twin Register (ATR).
The ATR data were gathered in two surveys, in 1989 -1990 and in 1996 . In 1980 -1982 The surveys gathered information on the respondent's family background (parents, siblings, marital status, and children), socioeconomic status (education, employment status, and income), health behaviour (body size, smoking and drinking habits), conduct disorder, personality, feelings and attitudes. Zygosity was determined by a combination of diagnostic questions plus blood grouping and genotyping.
The measures of crime used in the analysis are self reported data on arrests and incarceration. The survey contains questions on the age of first and last arrest, the number of arrests and incarceration. The questions explicitly exclude arrests for traffic violations, drunken behaviour or drunk driving. The question on incarceration excludes time spent in jail for using drugs or alcohol.
The reliability of these self-report data is an important issue. In criminology, the use of self report data is well established. Self-report has been the dominant technique used for measuring criminal behaviour since its introduction in the 1950s by Short and Nye (1957) . A large literature shows that self-report data have consistently acceptable reliability and validity. Many studies find high correlations of self-report data with other criterion related measures of criminal frequency and arrest histories (Farrington, 1973; Hardt & Hardt, 1977; Horney & Marshall, 1992; Huizinga & Elliott, 1986; Maddux & Desmond, 1975; Mieczkowski, 1990; Weiss, 1998) . Thornberry and Krohn (2000) conclude that 'self-reported measures of delinquency are as reliable as, if not more reliable than, most social science measures'. A recent study among street-drug users recruited in 11 cities throughout the United States revealed that lifetime arrest and incarceration items demonstrated good to excellent reliability (Fisher et al. 2004 ). In addition, it has been shown that substance abuse factors and mental illness factors did not affect the quality and accuracy of self-reported arrest history (Nieves et al. 2000) .
Educational attainment was measured in the first survey using a seven point scale and translated into years of education (Miller et al., 1995) . The second survey of the younger cohort uses an eight point scale which we also translate into years of education (Miller, et al., 2006) .
We prefer to use this more recent measure, as it contains less missing values for our main estimation sample.
As covariates we use mothers and fathers education and age. In addition, we control for conduct disorder and early school performance. Our data contains self-reported information on 21 statements that reflect behavioural problems before the age of 18 (see Table A .1). In the second survey the twins were asked to reflect on their experiences before the age of 18. We constructed a measure of conduct disorder by summing occurrences of these 21 statements (see Vujic et al. 2008 ). This approach is similar to Currie and Stabile (2007) who use 6 questions to form a conduct disorder scale. The survey contains four questions on early school performance.
Marks in primary and secondary education were measured using a three point scale: better than average, average and below average. Respondents were also asked about the teacher's view on their school achievements: did as well as could, could have done much better, don't know.
Finally, grade repetition was measured.
In noted that the number of alleged offenders does not equal the number of distinct offenders during a year because police may take action against the same individual for several offences, or the individual may be processed on more than one occasion for the same offence type. In addition, we might expect that many of those arrested since the age of 20 will be recidivists. As such, a direct comparison of the arrest rates found in our data with population statistics is difficult. However, the difference between males and females seem in line with the population statistics. In addition, the total arrest rates in our sample do not seem implausibly high or low.
The sample we use in the main estimations consists of pairs of twins with information on educational attainment and criminal participation. If this information is missing for one or both of the twins, we dropped the complete pair. In these samples, 47 twins reported having spent time in jail and 224 twins reported having been arrested. This includes 6 twin pairs (12 twins) who both report having spent time in jail and 28 twin pairs (56 individuals) who both report having been arrested. Our data contain information on the zygosity of the twins, enabling us to distinguish fraternal and identical twins. However, we only focus on the sample of all twins, including fraternal and identical twins. A separate analysis on the sample of identical twins strongly reduces the sample size and especially the variation within pairs of twins on the main variables of criminal behaviour. The intra-class correlation for being arrested (incarcerated) is 0.31 (0.41) for identical twins and 0.07 (0.13) for fraternal twins. Unfortunately, due to the routing of the questionnaire twins with a conduct disorder score of zero did not answer questions on criminal behaviour. As this may bias the estimates we did some sensitivity analysis with imputations for missing values on these outcomes for twins with no childhood conduct disorder (see section 7). The bottom panel shows the statistics on conduct disorder and early school performance.
The difference in conduct disorder is striking: twins that were incarcerated score approximately 5 points (2 standard deviations) higher on the indicator of conduct disorder. For twins that have been arrested this difference is more than two points. We also observe that twins that have been incarcerated or arrested have a higher grade repetition rate. The differences in self reported marks in primary and secondary school seem quite modest. Moreover, the first arrest occurs much earlier for twins that have been incarcerated than for other twins that have been arrested.
We further explore the association between human capital and crime by looking at the relationship between education and arrests. In addition, the number of arrests is higher for those with less than 11 years of education. We also observe that many arrests of those with less than 11 years of education already take place at an early age. Moreover, their arrest rates since the age of 18 are much higher than those for twins with at least 11 or 12 years of education. Table 2 For many countries and time periods, it has well been established that crime rates increase during the teenage years, peak around the age of twenty and decrease afterwards (Lochner, 2004) . This age-crime profile is well-documented in criminology. 
The effect of early arrests on educational attainment
The strong association between education and criminal activity might be the result of early participation in crime. Early criminal involvement might be detrimental for human capital investment because of various reasons such as 'meeting the wrong friends (building criminal capital)', 'getting stigmatized', changes in motivation or aspirations. In this section we investigate the effect of early arrest on human capital accumulation by estimating linear (probability) models of early arrests on education. Table 5 .1 shows estimates of the effect of early criminal participation on human capital. We use the information on the age of first arrest as an indicator for early criminal participation and constructed a dummy for early arrests, which equals 1 (0) if someone had (not) been arrested before the age of eighteen. Column (1) shows the OLS-estimates of the effect of early arrests on educational attainment controlling for gender, age, age squared and education of parents. Column (2) includes conduct disorder as additional control. In column (3) additional controls for early school performance have been included: marks in primary school (1-3), marks in secondary school (1-3), grade repetition and teachers view on underachievement. Column (4) shows the fixed effect estimates controlling for gender, column (5) also controls for conduct disorder and column (6) also includes controls for early school performance. The top panel shows the effect of early arrests on years of education, the effects on completing senior high school are shown at the bottom of table 5.1. Note: All specifications control for gender. Column (1) and (2) control for age, age squared, education of parents, column (2) and (5) control for conduct disorder, column (3) and (6) also control for early school performance. Standard errors in brackets. ***/**/* significant at 1%/5%/10%-level.
All estimates in We further investigated the effect of the timing of the first arrest on education by constructing a second variable for early arrests. This variable measures the number of years before the age of 18 that the arrest took place (18 minus age first arrest). Table 5 .2 shows the fixed effect estimates for models that include this arrest years variable and the square of this variable. Column (1), (2) and (3) show the estimates of the effect on years of education, column (4), (5) and (6) show the effect on completing senior high school. We use similar controls as in (5) and (6) suggest that the effect is not linear. Arrests at the age of 13, 14 or 15 are the most detrimental and reduce the probability of high school completion with more than 25 percentage points. Considering the fact that these arrests at age 13, 14 or 15 took place during compulsory education, these findings seems in line with our expectation that the causality runs from early arrests to human capital and not vice versa.
Summarizing, we find a large effect of early criminal behaviour on educational attainment, even when family fixed effects are taken into account. In addition, the timing of the early arrests matters, arrests at age 13, 14 or 15 are most detrimental for human capital accumulation.
The effect of human capital on crime
The second aspect of the strong association between education and criminal activity might be the effect of education on crime. Investments in human capital raise the opportunity costs of crime and may also alter preferences and discount rates. Previous studies for the US and the UK find evidence for a negative effect of education on crime (Lochner & Moretti, 2004; Machin & Vujic, 2006) .
In this section, we analyze the effect of human capital on crime. The previous section showed that reverse causality cannot be ignored, as we found substantial effects of early criminal behaviour on educational attainment. We therefore include various controls in our model that are informative on criminal behaviour before the age of 18. First, the 'early arrests' variable (arrests before the age of 18) can be used as an obvious control. Second, we can also include the 'conduct disorder' variable, which is likely to precede investments in human capital.
We use the senior high school completion variable as our main measure of human capital.
Senior high school can be completed at the age of 17 or 18. This brings the advantage that we can estimate the effect of completing senior high school on criminal activities since this age.
The distinction between the investment in human capital and the timing of criminal activity would be less clear if we would use years of education as a measure of human capital instead. A second argument for using senior high school completion as a measure of human capital is that the effect of human capital on crime seems to be non linear (see table 4 .2).
We investigate the effect of human capital on three self reported measures of crime:
incarceration, arrests since the age of 18, and number of arrests. Unfortunately, our data do not contain information on the age of incarceration. However, statistics on incarceration in Australia show that the probability of being incarcerated before the age of 18 is very small.
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Arrests since the age of 18 are derived from the age of the last arrest. For the number of arrests we constructed a variable which has 4 categories (0; 1; 2; 3). All individuals that reported more than three arrests were include in the last category (52 individuals reported at least three arrests of which 22 reported exactly three arrest). The data only contain information on the age of the first and the age of the last arrest. Hence, for the other arrests it is not clear whether they took place after the completion of high school. Considering the evidence on reverse causality from the previous section we expect that this will give a downward bias for the estimates (more negative estimates). Table 6 .1 shows the estimates of the effect of completing senior high school on the three measures of crime, using linear probability models. The first three columns show OLSestimates, the last three columns show estimates of fixed effect models using different controls.
The top panel shows the effects on the probability of incarceration, the middle panel shows the effect on the probability of being arrested since the age of 18 and the bottom panel shows the effect on the number of arrest (0-3). The OLS estimates show that education has a negative association with all three measures of crime. This association reduces substantially when including arrest(s) before 18 and conduct disorder. All fixed effect estimates in column (4) are statistically significant. Controlling for early arrests and conduct disorder substantially reduces the size of the estimates. This confirms the earlier findings on reverse causality. Only the estimates for the effects on incarceration remain statistically significant. Completing senior high school reduces the probability of incarceration with 2.3 percentage points. Hence, the fixed effects estimates suggest that the effect of human capital on crime is only moderate 4 .
The estimates for the effect of early arrests on the three measures of crime in table 6.1 are striking. The fixed effect estimates suggest that an early arrest increases the probability on incarceration with more than 20 percentage points and increase the probability of getting arrested since the age of 18 with 10 to 12 percentage points. In addition, the average number of arrests increases with approximately 0.2. The size of these effects is much larger than the estimated effect of completing senior high school. For instance, the estimated impact of being arrested before the age of 18 on incarceration is almost ten times higher than the estimated effect of high school completion. We also estimated the same models as in table 6.1 with years of education in stead of completing senior high school. The findings are quite similar to those in table 6.1 and suggest a small effect of human capital on crime after controlling for early arrests and conduct disorder (see table A.2 in the appendix).
We conclude that this section provides evidence for a negative but moderate effect of human capital on crime. Completing senior high school reduces the probability of incarceration with at least 2 percentage points. Human capital also reduces the probability of being arrested since the age of 18 and the number of arrests. Including early arrests and conduct disorder in the models substantially reduced the effect of human capital on crime. This confirms that reverse causality is an important issue. The most remarkable findings are the large effect of early arrests on all three measures of crime. These effects are substantially larger than the estimated effects of human capital.
Robustness
In this section, we investigate the robustness of the findings by addressing two issues. First, we test the sensitivity of the results by imputing missing values on criminal outcomes which are due to the routing of the questionnaire. Second, we address the issue of measurement error which is likely to bias the estimates downward.
Missing values due to the routing of the questionnaire
Due to the rooting of the questionnaire, twins with a conduct disorder score of zero, which means that they reported negative on all 21 statements on conduct disorder before the age of 18, did not answer questions about arrests and incarceration. This may bias the estimates because this involves a large fraction of our sample (approximately 3000 observations). It seems likely that individuals that report no conduct disorder behaviour will be less involved in crime than those that have a positive conduct disorder score. For instance, the arrest (incarceration) rate of those with a conduct disorder score of 3 is 7.4 (0.6) against 2.5 (0.3) for those with a conduct disorder score of 1. We checked the sensitivity of the results by imputing zeros for twins with missing values on being arrested and incarceration. Tables 7.1 and 7.2 show the estimation results for the main models of the previous sections. Table 7 .1 shows the results for the effect of early crime on educational attainment. Note: All specifications control for gender. Columns (1) and (2) control for age, age squared, education of parents, columns (2) and (5) control for conduct disorder, columns (3) and (6) also control for early school performance. Standard errors in brackets. ***/**/* significant at 1%/5%/10%-level.
The estimates in table 7.1 are somewhat smaller but quite similar to those in table 5.1. After the imputation of the missing values for being arrested we still find a large effect of early arrests on educational attainment. We conclude that the estimates of the previous section are robust for imputing missing values of individuals with a conduct disorder score of zero. However, the estimated effect of high school completion on crime becomes statistically insignificant in models that control for early crime and conduct disorder.
Measurement error
A well-known concern in the literature using within-family models is measurement error (Griliches, 1979) . By taking a within-family perspective, measurement error may exacerbate, which in turn is likely to bias the estimates towards zero. A solution for this problem has been proposed by Ashenfelter and Krueger (1994) in their study on the returns to schooling using data on twins. They suggested using a second independent measure of education as an instrument for educational attainment. In their study, they asked each sibling to report on both their own and their twin's schooling and used this information as independent measures of schooling. They constructed two instruments for the difference in education within twins depending on the assumptions about measurement error. Let In our study, we can follow this approach in the models that estimate the effect of education on crime because our data include the same questions on the sibling's schooling. The correlation between the self-reported level of education and the sibling-reported education level, which indicates the reliability ratio, is 0.80. For high school completion this correlation is 0.63.
It should be noted that this approach produces consistent estimates when the measurement error is classical. However, since our main variable (senior high school completion) is a binary indicator, the measurement error is non-classical. It has been shown that the IV-estimate will then be upward biased (Aigner, 1973 , Kane et al. 1999 . The within-family estimate from the previous analysis will then provide a lower bound and the IV estimate an upper bound of the true (negative) effect. Table 7 .3 shows the IV-estimates for the effect of high school completion on the three measures of crime. Columns (1), (3) and (5) show the estimation results for the first instrument described above. Columns (2), (4) and (6) show the results for the second instrument. All specifications use early arrest, conduct disorder and gender as controls. Unfortunately, our data do not contain sibling reports on criminal behaviour. As such we can not use this approach for the models that investigate the effect of early crime on education.
However, we can make a tentative assessment using external information on the reliability of self-reported crime and the intra class correlation in early crime measured in our sample of twins. Assuming classical measurement error Grilliches (1979) shows that within-family estimation increases the bias by measurement with 1 / (1 − c ρ ) with c ρ as the intra class correlation in early crime within families. Thornberry and Krohn (2000) report that many studies find a reliability ratio of self reported crime well above 0.8. The intra class correlation in early crime in our data is 0.22. This means that the bias of the OLS-estimator is -0.2*β and the bias of the fixed effect estimator is -0.2/(1-0.22)*β =-0.26* β. This calculation suggests that the additional downward bias of the within estimator is quite modest.
Decomposing the association between crime and education
The two main findings from the previous sections are that early criminal behaviour is detrimental to investment in human capital and that human capital has a negative effect on crime. In this section we try to assess the importance of these two effects for the association between crime and education. We estimated within-twin models of the effect of education on 'ever being arrested' and inspect how the estimated effect of education changes after including early crime and conduct disorder. Including 'early arrests' in the estimation controls for the effect of early criminal behaviour on educational attainment and 'explains' all arrests before the age of 18, leaving only crime since 18 to be explained. Table 8 .1 shows the estimation results using years of education or high school completion as explanatory variables. Note: All columns control for gender. Standard errors in brackets. ***/**/* significant at 1%/5%/10%-level.
The estimates in the first column show that one year of education is associated with a reduction of the probability of being arrested with 1 percentage point. Completion of high school is associated with a reduction of the probability of being arrested with 6.7 percentage points. The estimates of the effect of human capital reduce dramatically after the inclusion of 'early arrest' (column (2)). The estimated effect of one year of education reduces to 0.4 percentage points and the estimated effect of high school completion to 2.6 percentage points. Including conduct disorder further reduces the estimated effects to 0.3 and 1.7 percentage points (column (3)). In other words, controlling for early arrests and early behaviour problems reduces the estimated effect of human capital on crime to less than one third of the previously estimated association.
From this, we conclude that early criminal behaviour explains most of the association between human capital and crime.
Conclusions and discussion
Controlling for early arrests and early behaviour problems reduces the estimated effect of human capital on crime to less than one third of the previously estimated association. From this, we conclude that early criminal behaviour explains most of the association between human capital and crime.
Our main conclusion is that the strong association between human capital and crime is mainly driven by the effect of early criminal behaviour on educational attainment. This finding based on within-twin estimation confirms one of the main conclusions from a synthesis of the literature on the causes of crime: 'We must rivet our attention on the earliest stages of the life cycle, for after all is said and done, the most serious offenders are boys who begin their criminal careers at a very early age.' (Wilson and Hernstein, 1985, cited in Dilulio, 1996) . Notes: All columns control for gender, early arrest and conduct disorder. Standard errors in brackets. ***/**/* significant at 1%/5%/10%-level.
